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Supplementary Material

EC-TC Model Equations

Our approach is based on our group’s previously published framework [1, 2] that describes tumor

angiogenesis, vascular tumor growth, and response to treatment focusing on the following levels: (1)

Intracellular level: regulation of signaling pathways that are critical to cell proliferation, apoptosis,

and migration; (2) Cellular level: cell-surface dynamics of receptor-ligand binding and receptor

activation that lead to intracellular signal transduction cascades; and (3) Tissue level: dynamics of

signaling chemicals and anti-cancer agents within the tissue, tumor growth dynamics, and tumor and

vascular response to treatment. We use the strategy of isolation of key biological subsystems followed

by integration of these components into our larger, modular framework. The VEGF, Bcl-2 and

cellular crosstalk modules described below are the result of over a decade of modeling-experimental

collaboration to isolate the parameters and calibrate the subsystems. The novel additions in this

paper are the CSC, IL-6 and combination treatment optimization modules.

While the details of the VEGF, Bcl-2, and cellular crosstalk modules can be found in [2], we

describe their key features below in relation to CSC driven tumor growth and therapy. We begin

with a mathematical description of the interaction between endothelial and tumor cells by tracking

the temporal changes in the cellular and molecular species listed in Table S2 below. Although

these variables now form a fully integrated computational model they were carefully developed in

a modular fashion following a systems biology-based approach. The modules are color coded as

follows: VEGFR2 impact on ECs = red; CSC driven tumor growth = blue; VEGFR1-mediated
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crosstalk = green; IL-6 impact on CSC = purple and Bcl-2 = cyan.

The modules describing VEGFR2 impact on ECs, Bcl-2 and VEGFR1-mediated crosstalk were

calibrated and parameterized with data in [2] and the estimation techniques are discussed in detail

in [3].

Human dermal microvascular endothelial cell (HDMEC) response to VEGF

It has been reported that VEGF and its natural receptors VEGFR1 and VEGFR2 are highly

expressed in HNSCC and that VEGF-mediated signaling is a critical mediator of EC proliferation

and migration [2, 4, 5, 6]. VEGF also induces enhanced Bcl-2 expression in tumor-associated ECs,

which enhances their survival [refs]. Therefore, the rate of change of the HDMEC population (H)

is chosen to be a function of the fractional occupancies of VEGFR2 per cell (φHA2
). Also the rate

of endothelial cell death is assumed to be a decreasing function of intracellular Bcl-2 expression by

ECs (BH). Thus, we have:

dH

dt︸︷︷︸
Endothelial cells

= αHφ
nH
HA2

H︸ ︷︷ ︸
Activated VEGFR2-mediated

proliferation

− δH
1 + βHBH

H︸ ︷︷ ︸
Bcl-2-mediated

apoptosis

, (S1)

where, φHA2
=

CHA2

Rt
HA2

H
, CHA2

is the amount of VEGF-VERFR2 complexes on the ECs, and RtHA2

is the total number of VEGFR2 receptors per cell.

Vascular Fraction (V ) and Oxygen Concentration (N(t))

Following in part our work in [ref], oxygen concentration is assumed to be proportional to the

vascular proportion of the tumor cell numbers defined as the percentage V = 100H/(H+S+E+D).

Here we take N(t) = σF (t)V where

σF (t) = σN
e(t−3)

1 + e(t−3)
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and σN denotes the proportionality constant relating the vessel fraction. In [ref] we assumed that EC

presence immediately translated to oxygen availability. Here we relax that assumption by choosing

the function σF , which gradually approaches to its maximum, σN . The rationale for choosing "3" in

σF function is that it takes almost five or six days for human ECs to generate functional microvessel

networks, connect to mouse vessels and begin blood flow. With "3" chosen, σF is approximately

0.95 at t=6 and is 1 with at least 8 digits of accuracy at t=13. It also takes three days for the

function to reach half of its maximal. Thus, an increase in the proportion of ECs compared to the

number of TCs results in an increase in the level of oxygenation within the tumor.

Cancer stem (S), progenitor (E) and terminally differentiated (D) cell response to

Oxygen, IL-6 and Bcl-2

The CSC module, which describes the dynamics of stem, progenitor, and terminally differentiated

cells, was first derived by our group in [1]. However, we are now modeling EC-TC scaffolds, which

are initially hypoxic. Because we are now interested in the impact of human ECs and, subsequent

functional blood vessels on tumor growth, we modify the cancer cell equations so that cellular pro-

liferation and death are dependent on oxygen concentration, N(t). This modification is based on

our published crosstalk module [2], where the effects of oxygen pressure on tumor cell proliferation

and survival are denoted by H(N −Np) and 1 +H(Nd−N), respectively, where H(.) is a Heaviside

function. That is, when the oxygen level is less than a critical threshold (N < Np), tumor cells stop

proliferating and a further decline in oxygen level (below Nd) results in a doubling of the death rate

of the tumor cells. So, to be clear, we isolated CSC module in [1] and the crosstalk module in [2],

now we integrate the two to create a more comprehensive model.

dS

dt︸︷︷︸
Tumor stem cells

= αSPS(S, φS)SH(N −Np)︸ ︷︷ ︸
Stem cell self-renewal

− δS
1 + γSφS

S[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

,

(S2)
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where,

PS(S, φS) =
(PSmax − PSmin(φS))PnNs

PnNs
+ Sn

+ PSmin(φS),

PSmin(φS) = µS
(
PSmax − P ∗

Smin

)
φS + P ∗

Smin

dE

dt︸︷︷︸
Tumor

progenitor cells

= AinαS [1− PS(S, φS)]SH(N −Np)︸ ︷︷ ︸
Amplified

stem cell differentiation

−αEEH(N −Np)︸ ︷︷ ︸
Progenitor cell
differentiation

− δE
1 + γEφE

E[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

(S3)

dD

dt︸︷︷︸
Tumor

differentiated cells

= 2αEE H(N −Np)︸ ︷︷ ︸
progenitor cell
differentiation

− δD
1 + γDφD

D[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

(S4)

IL-6 synthesis, binding and uptake

Once bound to its receptors, VEGF enhances expression level of Bcl-2 on endothelial cells [4, 5].

That Bcl-2 signaling induces IL-6 expression in endothelial cells [5]. Therefore, the last term in

Eq. S5 describe the secretion of IL-6 by endothelial cells which is a function of fraction of activated

VEGFR2 on endothelial cells. All the equations related to IL-6 binding dynamics are fully described

in our previous work [1].

dL

dt︸︷︷︸
IL-6

= − kfLRS︸ ︷︷ ︸
IL-6 binding to

stem cells

+ krCS︸ ︷︷ ︸
IL6 dissociation
from stem cells

− kfLRE︸ ︷︷ ︸
IL-6 binding to
progenitor cells

+ krCE︸ ︷︷ ︸
IL-6 dissociation

from progenitor cells

(S5)

− kfLRD︸ ︷︷ ︸
IL-6 binding to

differentiated cells

+ krCD︸ ︷︷ ︸
IL-6 dissociation

from differentiated cells

− λLL︸︷︷︸
IL-6 natural decay

+ ρT (S + E +D)︸ ︷︷ ︸
IL-6 Production
by tumor cells

+ ρHφ
nL
HA2

H︸ ︷︷ ︸
Bcl-2-mediated
IL-6 production

by ECs
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Eqs (S12), (S13) and (S14) model the temporal changes in free IL-6 receptors on each of the

cell types that we are considering. The first two terms in each equation are the association and

dissociation of IL-6 to IL-6R. The recycling terms describe the reactions by which IL-6 is used

up in the processes of mediating its cellular response, and the free receptors are recycled back to

the cell surface. Following the formulation in [], the last two terms in each equation describe the

production of new free receptors as new cells are generated and the loss of these receptors as cells

die. Definitions of P and D are given by:

PS(S, φS) = αSPS(S, φS)SH(N −Np) (S6)

PE(S, φS) = AinαS [1− PS(S, φS)]SH(N −Np) (S7)

PD(E) = 2αEEH(N −Np), (S8)

and,

DS(S, φS) =
δS

1 + γSφS
S[1 +H(Nd −N)] (S9)

DE(E, φE) =
δE

1 + γEφE
E[1 +H(Nd −N)] + αEEH(N −Np) (S10)

DD(D,φD) =
δD

1 + γDφD
D[1 +H(Nd −N)] (S11)

Then we have:

dRS
dt

= − kfLRS︸ ︷︷ ︸
IL-6 binding to

stem cells

+ krCS︸ ︷︷ ︸
IL-6 dissociation
from stem cells

+ kpCS︸ ︷︷ ︸
Recycling

+ RTSPS(S, φS)︸ ︷︷ ︸
Generation of new RS
via cell proliferation

− RS
RS + CS

RTSDS(S, φS)︸ ︷︷ ︸
Loss of RS

via cell death

(S12)

dRE
dt

= − kfLRE︸ ︷︷ ︸
IL-6 binding to
progenitor cells

+ krCE︸ ︷︷ ︸
IL-6 dissociation

from progenitor cells

+ kpCE︸ ︷︷ ︸
Recycling

+ RTEPE(S, φS)︸ ︷︷ ︸
Generation of new RE
via cell proliferation
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− RE
RE + CE

RTEDE(E, φE)︸ ︷︷ ︸
Loss of RE
via cell death

(S13)

dRD
dt

= − kfLRD︸ ︷︷ ︸
IL-6 binding to

differentiated cells

+ krCD︸ ︷︷ ︸
IL-6 dissociation

from differentiated cells

+ kpCD︸ ︷︷ ︸
Recycling

+ RTDPD(E)︸ ︷︷ ︸
Generation of new RD
via cell proliferation

− RD
RD + CD

RTDDD(D,φD)︸ ︷︷ ︸
Loss of RD
via cell death

(S14)

(S15)

Eqs (S16), (S17) and (S18) are analogous to the ones above, as they describe changes in receptor-

ligand complexes on each cell type. Similarly, in these equations, the internalization terms describe

the reactions by which the complex is internalized and the free receptors are recycled to the cell

surface. The last term in each equation describes the loss of these receptor complexes due to cell

death.

dCS
dt

= kfLRS︸ ︷︷ ︸
IL-6 binding to RS

− krCS︸ ︷︷ ︸
IL-6 dissociation

from RS

− kpCS︸ ︷︷ ︸
Internalization

− CS
RS + CS

RTSDS(S, φS)︸ ︷︷ ︸
Loss of CS

via cell death

(S16)

dCE
dt

= kfLRE︸ ︷︷ ︸
IL-6 binding to RE

− krCE︸ ︷︷ ︸
IL-6 dissociation

from RE

− kpCE︸ ︷︷ ︸
Internalization

− CE
RE + CE

RTEDE(E, φE)︸ ︷︷ ︸
Loss of CE

via cell death

(S17)

dCD
dt

= kfLRD︸ ︷︷ ︸
IL-6 binding to RD

− krCD︸ ︷︷ ︸
IL-6 dissociation

from RD

− kpCD︸ ︷︷ ︸
Internalization

− CD
RD + CD

RTDDD(D,φD)︸ ︷︷ ︸
Loss of CD
via cell death

(S18)
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Tumor and/or endothelial cell-secreted VEGF

Equation (S19) describes the association, at rate kfH1 and kfH2, and dissociation, at rate krH1 and

krH2 of VEGF (A) to its receptors (VEGFR1 and VEGFR2) on endothelial cells. VEGF is removed

via natural decay at rate λA. The last two terms describes VEGF secretion by both endothelial and

tumor cells, respectively. ECs have been shown to secrete VEGF under Bcl-2-mediated signaling

(Kaneko et al. 2007); consequently, a Bcl-2-dependent production of VEGF by ECs is included.

Further, tumor cells under hypoxic condition secret VEGF (Shweiki et al. 1995) and we, therefore,

assume the hypoxia-mediated VEGF production by tumors in the last term. The production being

“switched on” when the oxygen concentration (N) falls below a hypoxic threshold Nh and “switched

off” if N > Nh. Combining these assumptions, the rate of change of VEGF may be expressed as

follows:

dA

dt︸︷︷︸
VEGF

= −kfH1RHA1
A+ krH1CHA1

− kfH2RHA2
A+ krH2CHA2︸ ︷︷ ︸

reaction with VEGFR1/2 on endothelial cells

− λAA︸︷︷︸
natural
decay

+ αA
BH

1 + βABH
H︸ ︷︷ ︸

Bcl-2-mediated production
by endothelial cells

+
νA

1 + e−κA(Nh−N)
(S + E +D)︸ ︷︷ ︸

hypoxia-mediated VEGF
production by stem/bulk cells

(S19)

VEGF uptake and binding by endothelial cells

The equations for VEGFR1 and VEGFR2 binding are given below and they are derived analogously

to the equations given for IL-6R binding.

dRHA1

dt︸ ︷︷ ︸
free-VEGFR1

receptors
on ECs

= −kfH1RHA1
A+ krH1CHA1

+ kpH1CHA1︸ ︷︷ ︸
reaction with VEGF

+ RtHA1
αHφ

nH
HA2

H︸ ︷︷ ︸
production due to

endothelial cell proliferation

− RHA1

RHA1
+ CHA1

RtHA1

δH
1 + βHBH

H︸ ︷︷ ︸
loss due to

endothelial cell apoptosis

(S20)
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dRHA2

dt︸ ︷︷ ︸
free-VEGFR2

receptors
on ECs

= −kfH2RHA2
A+ krH2CHA2

+ kpH2CHA2︸ ︷︷ ︸
reaction with VEGF

+ RtHA2
αHφ

nH
HA2

H︸ ︷︷ ︸
production due to

endothelial cell proliferation

− RHA2

RHA2
+ CHA2

RtHA2

δH
1 + βHBH

H︸ ︷︷ ︸
loss due to

endothelial cell apoptosis

, (S21)

dCHA1

dt︸ ︷︷ ︸
VEGF-VEGFR1

complex
on ECs

= kfH1RHA1
A− krH1CHA1

− kpH1CHA1︸ ︷︷ ︸
VEGFR1 activation by VEGF

on endothelial cells

− CHA1

RHA1
+ CHA1

RtHA1

δH
1 + βHBH

H︸ ︷︷ ︸
loss due to

endothelial cell apoptosis

(S22)

dCHA2

dt︸ ︷︷ ︸
VEGF-VEGFR2

complex
on ECs

= kfH2RHA2
A− krH2CHA2

− kpH2CHA2︸ ︷︷ ︸
VEGFR2 activation by VEGF

on endothelial cells

− CHA2

RHA2
+ CHA2

RtHA2

δH
1 + βHBH

H︸ ︷︷ ︸
loss due to

endothelial cell apoptosis

(S23)

The Bcl-family of proteins

Bcl-2 mRNA is constitutively expressed within ECs, and undergoes natural decay. VEGF signals

through VEGFR1 and VEGFR2 on ECs and induces expression of Bcl-2 and the proangiogenic

chemokines such as CXCL1 and CXCL8 in ECs. Combining these processes we obtain the following

equations for Bcl-2 mRNA expression in ECs.

dBH
dt︸ ︷︷ ︸

Bcl-2 produced
by ECs

= χH︸︷︷︸
Constitutive
expression
by ECs

+ ηH
φnB
HA2

ωnB
H + φnB

HA2︸ ︷︷ ︸
Activated VEGFR2-
mediated production

by ECs

− δBBH︸ ︷︷ ︸
natural
decay

(S24)
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Model Reduction

EC-TC cross-talk model can be reduced to the following model with five less equations by using the

fact that,

RS = RTSS − CS (S25)

RE = RTEE − CE (S26)

RD = RTDD − CD (S27)

RHA1
= RtHA1

H − CHA1
(S28)

RHA2
= RtHA2

H − CHA2
(S29)

Thus, the reduced form of the model is given by:

dH

dt
= αHφ

nH
HA2

H︸ ︷︷ ︸
Activated VEGFR2-mediated

proliferation

− δH
1 + βHBH

H︸ ︷︷ ︸
Bcl-2-mediated

apoptosis

(S30)

dS

dt
= αSPS(S, φS)SH(N −Np)︸ ︷︷ ︸

Stem cell self-renewal

− δS
1 + γSφS

S[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

(S31)

dE

dt
= AinαS [1− PS(S, φS)]SH(N −Np)︸ ︷︷ ︸

Amplified
stem cell differentiation

−αEEH(N −Np)︸ ︷︷ ︸
Progenitor cell
differentiation

− δE
1 + γEφE

E[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

(S32)

dD

dt
= 2αEEH(N −Np)︸ ︷︷ ︸

progenitor cell
differentiation

− δD
1 + γDφD

D[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

(S33)

dL

dt︸︷︷︸
IL-6

= − kfLRS︸ ︷︷ ︸
IL-6 binding to

stem cells

+ krCS︸ ︷︷ ︸
IL6 dissociation
from stem cells

− kfLRE︸ ︷︷ ︸
IL-6 binding to
progenitor cells

+ krCE︸ ︷︷ ︸
IL-6 dissociation

from progenitor cells

− kfLRD︸ ︷︷ ︸
IL-6 binding to

differentiated cells

+ krCD︸ ︷︷ ︸
IL-6 dissociation

from differentiated cells

− λLL︸︷︷︸
IL-6 natural decay
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+ρT (S + E +D)︸ ︷︷ ︸
IL-6 Production
by tumor cells

+ ρHφ
nL
HA2

H︸ ︷︷ ︸
Bcl-2-mediated
IL-6 production

by ECs

(S34)

dCS
dt

= kfLRS︸ ︷︷ ︸
IL-6 binding to RS

− krCS︸ ︷︷ ︸
IL-6 dissociation

from RS

− kpCS︸ ︷︷ ︸
Internalization

−CSDS(φS , BS)︸ ︷︷ ︸
Loss of CS

via cell death

(S35)

dCE
dt

= kfLRE︸ ︷︷ ︸
IL-6 binding to RE

− krCE︸ ︷︷ ︸
IL-6 dissociation

from RE

− kpCE︸ ︷︷ ︸
Internalization

−CEDE(φE , BE)︸ ︷︷ ︸
Loss of CE

via cell death

(S36)

dCD
dt

= kfLRD︸ ︷︷ ︸
IL-6 binding to RD

− krCD︸ ︷︷ ︸
IL-6 dissociation

from RD

− kpCD︸ ︷︷ ︸
Internalization

−CDDD(φD, BD)︸ ︷︷ ︸
Loss of CD
via cell death

(S37)

dA

dt
= −kfH1RHA1

A+ krH1CHA1
− kfH2RHA2

A+ krH2CHA2︸ ︷︷ ︸
reaction with VEGFR1/2 on endothelial cells

− λAA︸︷︷︸
natural
decay

+ αA
BH

1 + βABH
H︸ ︷︷ ︸

Bcl-2-mediated production
by endothelial cells

+
νA

1 + e−κA(Nh−N)
(S + E +D)︸ ︷︷ ︸

hypoxia-mediated VEGF
production by stem/bulk cells

(S38)

dCHA1

dt
= kfH1RHA1

A− krH1CHA1
− kpH1CHA1︸ ︷︷ ︸

VEGFR1 activation by VEGF
on endothelial cells

− CHA1

δH
1 + βHBH︸ ︷︷ ︸

loss due to
endothelial cell apoptosis

(S39)

dCHA2

dt
= kfH2RHA2

A− krH2CHA2
− kpH2CHA2︸ ︷︷ ︸

VEGFR2 activation by VEGF
on endothelial cells

− CHA2

δH
1 + βHBH︸ ︷︷ ︸

loss due to
endothelial cell apoptosis

(S40)

dBH
dt

= χH︸︷︷︸
Constitutive
expression
by ECs

+ ηH
φnB
HA2

ωnB
H + φnB

HA2︸ ︷︷ ︸
Activated VEGFR2-
mediated production

by ECs

− δBBH︸ ︷︷ ︸
natural
decay

(S41)
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Developing Cisplatin-Therapy Model Equation

Cisplatin-induces death of tumor cells: in order to include the cisplatin-induced death of the

tumor cells we use a standard Michaelis-Menten equation as a function of the concentration of

cisplatin within tumor, X(t), and denoted by:

MS(X) = δS(1− ε)
(

1

1 + γSφS
+

ΠSX

KS
M +X

)
S, ε 6= 1

ME(X) = δE(1− ε)
(

1

1 + γEφE
+

ΠEX

KE
M +X

)
E, ε 6= 1

MD(X) = δD(1− ε)
(

1

1 + γDφD
+

ΠDX

KD
M +X

)
D, ε 6= 1

Ki
M , for i = S, E and D, are representing the half maximal inhibitory of cisplatin concentration and

Πi, denotes the amount by which cisplatin can increase the maximum natural death rate of CSCs,

PCs and DCs, respectively. The parameter ε determines the type of interaction between the two

ligands (cisplatin and IL-6). If ε < 1 then there are enhanced effects and if ε > 1 then there are

synergistic effects. For simplicity we assume ε = 0.

Cisplatin enhances the self-renewal capacity of normal and cancer stem cells: as men-

tioned above, cisplatin can enhance the stemness of CSCs. In fact, cisplatin can increase the

expression of Bmi-1, a member of the poly comb group family of transcriptional regulators that

plays an essential role in stem cell fate decisions and regulates the self-renewal capacity of normal

and CSCs [7]. Therefore, in order to integrate this feature of cisplatin, we add a positive feedback

function of cisplatin concentration in tumor (X) to the self-renewal probability function of CSCs

(PS) as following:

PS(S, φS , X) =
(PSmax − PSmin(φS , X))PnNs

PnNs
+ Sn

+ PSmin(φS),

PSmin(φS , X) = µS
(
PSmax − P ∗

Smin

)(
φS +

X

KS +X

)
+ P ∗

Smin

Thus, adding the above changes to the pre-treatment EC-TC model gives us the following set of

ODEs named as cisplatin-therapy model:
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dS

dt
= αSPS(S, φS)S︸ ︷︷ ︸

Stem cell self-renewal

− δS
(

1

1 + γSφS
+

ΠSX

KS
M +X

)
S︸ ︷︷ ︸

Stem cell death

dE

dt
= AinαS(1− PS(S, φS))S︸ ︷︷ ︸

Amplified
stem cell differentiation

− αEE︸ ︷︷ ︸
Progenitor cell
differentiation

− δE
(

1

1 + γEφE
+

ΠEX

KE
M +X

)
E︸ ︷︷ ︸

progenitor cell death

dD

dt
= 2αEE︸ ︷︷ ︸

progenitor cell
differentiation

− δD
(

1

1 + γDφD
+

ΠDX

KD
M +X

)
D︸ ︷︷ ︸

differentiated cell death

dL

dt
= − kfLRS︸ ︷︷ ︸

IL6 binding to
stem cells

+ krCS︸ ︷︷ ︸
IL6 dissociation
from stem cells

− kfLRE︸ ︷︷ ︸
IL6 binding to
progenitor cells

+ krCE︸ ︷︷ ︸
IL6 dissociation

from progenitor cells

− kfLRD︸ ︷︷ ︸
IL6 binding to

differentiated cells

+ krCD︸ ︷︷ ︸
IL6 dissociation

from differentiated cells

− λLL︸︷︷︸
IL6 natural decay

+ ρT (S + E +D)︸ ︷︷ ︸
IL-6 Production
by tumor cells

dRS
dt

= − kfLRS︸ ︷︷ ︸
IL-6 binding to

stem cells

+ krCS︸ ︷︷ ︸
IL-6 dissociation
from stem cells

+ kpCS︸ ︷︷ ︸
Recycling

+ RTSPS (S, φS)︸ ︷︷ ︸
Generation of new RS
via cell proliferation

− RS
RS + CS

RTSDS (S, φS)︸ ︷︷ ︸
Loss of RS

via cell death

dCS
dt

= + kfLRS︸ ︷︷ ︸
IL6 binding to RS

− krCS︸ ︷︷ ︸
IL6 dissociation

from RS

− kpCS︸ ︷︷ ︸
Internalization

− CS
RS + CS

RTSDS (S, φS)︸ ︷︷ ︸
Loss of CS

via cell death

dRE
dt

= − kfLRE︸ ︷︷ ︸
IL-6 binding to
progenitor cells

+ krCE︸ ︷︷ ︸
IL-6 dissociation

from progenitor cells

+ kpCE︸ ︷︷ ︸
Recycling

+ RTEPE (E, φE)︸ ︷︷ ︸
Generation of new RE
via cell proliferation

− RE
RE + CE

RTEDE (E, φE)︸ ︷︷ ︸
Loss of RE
via cell death

dCE
dt

= + kfLRE︸ ︷︷ ︸
IL6 binding to RE

− krCE︸ ︷︷ ︸
IL6 dissociation

from RE

− kpCE︸ ︷︷ ︸
Internalization

− CE
RE + CE

RTEDE (E, φE)︸ ︷︷ ︸
Loss of CE

via cell death

dRD
dt

= − kfLRD︸ ︷︷ ︸
IL-6 binding to

differentiated cells

+ krCD︸ ︷︷ ︸
IL-6 dissociation

from differentiated cells

+ kpCD︸ ︷︷ ︸
Recycling

+ RTDPD(E, φD)︸ ︷︷ ︸
Generation of new RD
via cell proliferation

12



− RD
RD + CD

RTDDD(E, φD)︸ ︷︷ ︸
Loss of RD
via cell death

dCD
dt

= + kfLRD︸ ︷︷ ︸
IL6 binding to RD

− krCD︸ ︷︷ ︸
IL6 dissociation

from RD

− kpCD︸ ︷︷ ︸
Internalization

− CD
RD + CD

RTDDD(D,φD)︸ ︷︷ ︸
Loss of CD
via cell death

dX

dt
= + kC12Xs − kC21X︸ ︷︷ ︸

Pharmacokinetics

where, Xs denotes the concentration of free cisplatin in circulating blood.

Pharmacokinetics of cisplatin

To estimate the pharmacokinetic parameters of cisplatin we use the analytic solution of the PK-

model with i.p. injection introduce in [1] and given by:

Xs(t) = Xp(t0)
(
Ape

−α(t−t0) +Bpe
−β(t−t0)

)
, t ≥ t0 (S42)

where,

α =
(kC12 + kC21 + kCel) +

√
(kC12 + kC21 + kCel)

2 − 4kC21k
C
el

2

β =
(kC12 + kC21 + kCel)−

√
(kC12 + kC21 + kCel)

2 − 4kC21k
C
el

2

Ap =
kC21
β − α

Bp =
kC21
α− β

where kC12 and kC21 are the distribution rate constants between the systemic central compartment (Xs)

and peripheral compartment (Xp). Moreover, kCel is the elimination rate from central compartment.

In order to estimate the pharmacokinetic parameters, we used the data given in [8]. Figure S3 shows

the best-fit of the pharmacokinetic model to the data. Variables related to cisplatin-therapy model

and the estimated parameter values are listed in Tables S7 and S8.
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Developing Equations for TCZ therapy Model

As an anti-IL-6R antibody, TCZ binds to IL-6R on tumor cells and inhibits the formation of IL-

6- IL-6R complex molecules. All equations related to treatment with anti-IL-6R antibody (i.e.,

dI
dt ,

dCI
S

dt ,
dCI

E
dt and dCI

D
dt ) are described in [1]. The Full TCZ therapy model is given by:

dH

dt
= αHφ

nH
HA2

H︸ ︷︷ ︸
Activated VEGFR2-mediated

proliferation

− δH
1 + βHBH

H︸ ︷︷ ︸
Bcl-2-mediated

apoptosis

dS

dt
= αSPS(S, φS)SH(N −Np)︸ ︷︷ ︸

Stem cell self-renewal

− δS
1 + γSφS

S[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

dE

dt
= AinαS [1− PS(S, φS)]SH(N −Np)︸ ︷︷ ︸

Amplified
stem cell differentiation

−αEEH(N −Np)︸ ︷︷ ︸
Progenitor cell
differentiation

− δE
1 + γEφE

E[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

dD

dt
= 2αEEH(N −Np)︸ ︷︷ ︸

progenitor cell
differentiation

− δD
1 + γDφD

D[1 +H(Nd −N)]︸ ︷︷ ︸
IL-6 & Bcl-2 mediated

apoptosis

dL

dt
= − kfLRS︸ ︷︷ ︸

IL-6 binding to
stem cells

+ krCS︸ ︷︷ ︸
IL6 dissociation
from stem cells

− kfLRE︸ ︷︷ ︸
IL-6 binding to
progenitor cells

+ krCE︸ ︷︷ ︸
IL-6 dissociation

from progenitor cells

− kfLRD︸ ︷︷ ︸
IL-6 binding to

differentiated cells

+ krCD︸ ︷︷ ︸
IL-6 dissociation

from differentiated cells

− λLL︸︷︷︸
IL-6 natural decay

+ρT (S + E +D)︸ ︷︷ ︸
IL-6 Production
by tumor cells

+ ρHφ
nL
HA2

H︸ ︷︷ ︸
Bcl-2-mediated
IL-6 production

by ECs

dI

dt
= − kIfIRS︸ ︷︷ ︸

Anti-IL6R binding to
stem cells

+ kIrC
I
S︸ ︷︷ ︸

Ani-IL6R dissociation
from stem cells

− kIfIRE︸ ︷︷ ︸
Anti-IL6R binding to

progenitor cells

+ kIrC
I
E︸ ︷︷ ︸

Anti-IL6R dissociation
from progenitor cells

− kIfIRD︸ ︷︷ ︸
Anti-IL6R binding to
differentiated cells

+ kIrC
I
D︸ ︷︷ ︸

IL6 dissociation
from differentiated cells
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+ k12Is − k21I︸ ︷︷ ︸
Pharmacokinetics

dRS
dt

= − kfLRS︸ ︷︷ ︸
IL-6 binding to

stem cells

+ krCS︸ ︷︷ ︸
IL-6 dissociation
from stem cells

+ kpCS︸ ︷︷ ︸
Recycling

− kIfIRS︸ ︷︷ ︸
Anti-IL6R binding to

IL-6R

+ kIrC
I
S︸ ︷︷ ︸

Anti-IL-6R dissociation
from stem cells

+ RTSPS (S, φS)︸ ︷︷ ︸
Generation of new RS
via cell proliferation

− RS

RS + CS + CIS
RTSDS (S, φS)︸ ︷︷ ︸

Loss of RS
via cell death

dCIS
dt

= + kIfIRS︸ ︷︷ ︸
Anti-IL6R binding to

IL-6R

− kIrC
I
S︸ ︷︷ ︸

Ani-IL6R dissociation
from stem cells

−
CIS

RS + CS + CIS
RTSDS (S, φS)︸ ︷︷ ︸

Loss of CI
S

via cell death

dCS
dt

= + kfLRS︸ ︷︷ ︸
IL6 binding to RS

− krCS︸ ︷︷ ︸
IL6 dissociation

from RS

− kpCS︸ ︷︷ ︸
Internalization

− CS

RS + CS + CIS
RTSDS (S, φS)︸ ︷︷ ︸

Loss of CS
via cell death

dRE
dt

= − kfLRE︸ ︷︷ ︸
IL-6 binding to
progenitor cells

+ krCE︸ ︷︷ ︸
IL-6 dissociation

from progenitor cells

+ kpCE︸ ︷︷ ︸
Recycling

− kIfIRE︸ ︷︷ ︸
Anti-IL6R binding to

IL-6R

+ kIrC
I
E︸ ︷︷ ︸

Anti-IL-6R dissociation
from progenitor cells

+ RTEPE (E, φE)︸ ︷︷ ︸
Generation of new RE
via cell proliferation

− RE

RE + CE + CIE
RTEDE (E, φE)︸ ︷︷ ︸

Loss of RE
via cell death

dCIE
dt

= + kIfIRE︸ ︷︷ ︸
Anti-IL6R binding to

IL-6R

− kIrC
I
E︸ ︷︷ ︸

Ani-IL6R dissociation
from progenitor cells

−
CIE

RE + CE + CIE
RTEDE (E, φE)︸ ︷︷ ︸

Loss of CI
E

via cell death

dCE
dt

= + kfLRE︸ ︷︷ ︸
IL6 binding to RE

− krCE︸ ︷︷ ︸
IL6 dissociation

from RE

− kpCE︸ ︷︷ ︸
Internalization

− CE

RE + CE + CIE
RTEDE (E, φE)︸ ︷︷ ︸

Loss of CE
via cell death

dRD
dt

= − kfLRD︸ ︷︷ ︸
IL-6 binding to

differentiated cells

+ krCD︸ ︷︷ ︸
IL-6 dissociation

from differentiated cells

+ kpCD︸ ︷︷ ︸
Recycling

− kIfIRD︸ ︷︷ ︸
Anti-IL6R binding to

IL-6R

+ kIrC
I
D︸ ︷︷ ︸

Anti-IL-6R dissociation
from differentiated cells

+ RTDPD(E, φD)︸ ︷︷ ︸
Generation of new RD
via cell proliferation

− RD

RD + CD + CID
RTDDD(E, φD)︸ ︷︷ ︸

Loss of RD
via cell death

dCID
dt

= + kIfIRD︸ ︷︷ ︸
Anti- nding to

IL-6R

− kIrC
I
D︸ ︷︷ ︸

Ani-IL6R dissociation
from differentiated cells

−
CID

RD + CD + CID
RTDDD(D,φD)︸ ︷︷ ︸

Loss of CI
D

via cell death
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dCD
dt

= + kfLRD︸ ︷︷ ︸
IL6 binding to RD

− krCD︸ ︷︷ ︸
IL6 dissociation

from RD

− kpCD︸ ︷︷ ︸
Internalization

− CD

RD + CD + CID
RTDDD(D,φD)︸ ︷︷ ︸

Loss of CD
via cell death

dA

dt
= −kfH1RHA1

A+ krH1CHA1
− kfH2RHA2

A+ krH2CHA2︸ ︷︷ ︸
reaction with VEGFR1/2 on endothelial cells

− λAA︸︷︷︸
natural
decay

+ αA
BH

1 + βABH
H︸ ︷︷ ︸

Bcl-2-mediated production
by endothelial cells

+
νA

1 + e−κA(Nh−N)
(S + E +D)︸ ︷︷ ︸

hypoxia-mediated VEGF
production by stem/bulk cells

dCHA1

dt
= kfH1RHA1

A− krH1CHA1
− kpH1CHA1︸ ︷︷ ︸

VEGFR1 activation by VEGF
on endothelial cells

− CHA1

δH
1 + βHBH︸ ︷︷ ︸

loss due to
endothelial cell apoptosis

dCHA2

dt
= kfH2RHA2

A− krH2CHA2
− kpH2CHA2︸ ︷︷ ︸

VEGFR2 activation by VEGF
on endothelial cells

− CHA2

δH
1 + βHBH︸ ︷︷ ︸

loss due to
endothelial cell apoptosis

dBH
dt

= χH︸︷︷︸
Constitutive
expression
by ECs

+ ηH
φnB
HA2

ωnB
H + φnB

HA2︸ ︷︷ ︸
Activated VEGFR2-
mediated production

by ECs

− δBBH︸ ︷︷ ︸
natural
decay

It is worth mentioning that the following equations for TCZ therapy model satisfy:

RS = RTSS − CS − C
I
S

RE = RTEE − CE − C
I
E

RD = RTDD − CD − C
I
D

Pre-treatment experimental data

To begin to evaluate the role of endothelial cell-secreted IL-6 on the tumorigenic potential and

survival of primary human HNSCC CSCs, Krishnamurthy et al. [9] silenced the IL-6 secretion
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in endothelial cells and used these cells to generate tumor xenografts with a humanized vascula-

ture. Briefly, immediately after surgical removal of the primary tumor from patients with HNSCC,

they sorted and seeded 1’000 HNSCC CSCs (ALDHHIGHCD44HIGH cells) into IL-6 +/+ immun-

odeficient mice along with 5 × 105 either IL-6-silenced endothelial cells (HDMEC-shRNA-IL-6) or

endothelial cells transduced with empty lentiviral vectors (HDMEC-shRNA-C) in poly(L-lactic)

acid biodegradable scaffolds. Bilateral scaffolds were implanted subcutaneously in the dorsum of

each mouse. Tumor volumes were calculated and recorded over 81 days after implantation. Figure

S2 shows the relevant data directly taken from [9]. The blue circles show the volume of xenograft

tumors vascularized with HDMEC-shRNA-C and the red circles show the volume of the xenograft

tumors vascularized with control HDMEC-shRNA-IL-6 over days after implantation. The blue

and red dots depict the average tumor volume vascularized with HDMEC-shRNA-C and HDMEC-

shRNA-IL-6, respectively. Moreover, they evaluated the percentage of CSCs in those xenograft

tumors and reported that ablation of EC-IL-6 within the tumor microenvironment reduced the

fraction of CSCs in tumor (right panels in Fig. S2-A and B).

Pre-treatment experimental data

To begin to evaluate the role of endothelial cell-secreted IL-6 on the tumorigenic potential and

survival of primary human HNSCC CSCs, Krishnamurthy et al. [9] silenced the IL-6 secretion

in endothelial cells and used these cells to generate tumor xenografts with a humanized vascula-

ture. Briefly, immediately after surgical removal of the primary tumor from patients with HNSCC,

they sorted and seeded 1’000 HNSCC CSCs (ALDHHIGHCD44HIGH cells) into IL-6 +/+ immun-

odeficient mice along with 5 × 105 either IL-6-silenced endothelial cells (HDMEC-shRNA-IL-6) or

endothelial cells transduced with empty lentiviral vectors (HDMEC-shRNA-C) in poly(L-lactic)

acid biodegradable scaffolds. Bilateral scaffolds were implanted subcutaneously in the dorsum of

each mouse. Tumor volumes were calculated and recorded over 81 days after implantation. Figure

S2 shows the relevant data directly taken from [9]. The blue circles show the volume of xenograft

tumors vascularized with HDMEC-shRNA-C and the red circles show the volume of the xenograft

tumors vascularized with control HDMEC-shRNA-IL-6 over days after implantation. The blue
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and red dots depict the average tumor volume vascularized with HDMEC-shRNA-C and HDMEC-

shRNA-IL-6, respectively. Moreover, they evaluated the percentage of CSCs in those xenograft

tumors and reported that ablation of EC-IL-6 within the tumor microenvironment reduced the

fraction of CSCs in tumor (right panels in Fig. S2-A and B).

Estimating baseline parameter values of pre-treatment model

Initially, we fit the mathematical model to the mice data for primary human HNSCC CSCs im-

planted without human endothelial cells in [3] in order to estimate the baseline parameter values

associated with CSC and IL-6 modules that we could not obtain in the current literature (transit-

amplifying factor (Ain), number of stem cells for which the probability of symmetric self-renewal

is halfway between the maximum and minimum value (PNs), IL-6R recycling rate on tumor cell

surface (kp), and IL-6-induced death modification parameter (γi) and modulation parameter that

adjusts the effects of IL-6 on the probability of CSC self-renew (µ). We use 24 data points for

tumor volume over time (day 50 through day 121) to estimate the parameters. CSC% at day 30 is

predicted using the estimated parameter (Figure 5 in [1]). A list of parameter values found from

the literature are tabulated in Tables S3 and S4. The baseline values for the remaining parameters

are estimated by fitting the pre-treatment EC-TC model to the control data. We use Monte Carlo

parameter sweep method [3] to minimize the weighted least squares by comparing the average tu-

mor volume extracted from the data and the tumor volume predicted by the pre-treatment EC-TC

model, over days after implantation. Fig. S2-A depicts the best-fit to the control data (black line).

The estimated best-fit parameter values are tabulated in Table S5 in Supplementary Material.

Recall that in the experiment described in Fig. S2, ALDHHIGHCD44HIGH cells were sorted from

“primary" human HNSCC tumor and implanted in mice along with endothelial cells to study the

impacts of endothelial cell-secreted IL-6 on tumor initiation and tumorigenic properties of CSCs.

Primary cells are isolated directly from human or animal tissue and are immediately placed in

an artificial environment whereas cell lines have been continually passaged over a long period of

time and have acquired homogenous genotypic and phenotypic characteristics. Immortalized or

continuous cell lines have acquired the ability to proliferate indefinitely. Moreover, despite the fact
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that cell lines have lost the true characteristics of the original tissue from which they were isolated,

they are widely used in lab experiments as they are easy to handle. In contrast, primary cells usually

are believed to be more biologically relevant tools than cell lines but they have a limited lifespan,

slow proliferation and are not well characterized making them hard to maintain. Therefore, since

primary cells and cell lines show different behavior, we, firstly, need to find the baseline parameter

values for each aforementioned cell lines. Secondly, we add equations related to treatment to the

current model and use those obtained baseline parameter values to predict the rate of tumor growth

post treatment with TCZ and/or cisplatin and with the combination therapy of TCZ and cisplatin.

Finally, we use our model to make suggestions/predictions for the most optimized dosing/scheduling

combination of cisplatin and TCZ.

Endothelial cell-secreted IL-6 enhances primary HNSCC tumor growth

To evaluate the impacts of EC-secreted IL-6 on the tumorigenic potential of CSCs, xenograft tumors

were generated in immunodeficient mice by using HDMEC-shRNA-C and HDMEC-shRNA-IL-6R

and it was shown that silencing EC secreted IL-6 could significantly decrease the tumor growth

rate and the percentage of CSCs in primary tumors (Figure S2). In order to calibrate and test the

abilities of the proposed pre-treatment model, we first fit it to the control data related to HDMEC-

shRNA-C (Figure S2-A) and estimated the unknown parameter values. There are four parameters

from the EC-TC crosstalk model (i.e., EC division rate (αH), and Bcl-2-mediated death modulation

parameter (βH), IL-6 section rate by ECs (ρH) and modulation parameter that adjusts the rate

of Bcl-2-mediated VEGF secretion by ECs (βA)) are estimated to match this experimental system

described above. The estimated parameter values are listed in Table S5. We also used the esti-

mated baseline parameter values to predict the percentage of CSC% at day 30 after implantation

and compared it to the CSC% (Figure S2-A). Then after, we decreased the secretion rate of IL-6

by ECs to a very low level and used it to predicted tumor volume growth dynamics over time.

However, the numerical simulations suggest (data is not shown) that some of the parameters that

are influenced by IL-6 should be also altered. As it is discussed in [1], disturbance of IL-6 secretion

can potentially change the amplifying factor and the probability of CSC self-renewal. Therefore,
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in order to estimate the new altered values of related parameters (n, Ain and PNs), we fit the

pre-treatment model to HDMEC-shRNA-IL-6 data when the rate of EC-IL-6 secretion, ρH , is much

smaller as compared to control case (Figure S2-B). Model predictions for both HDMEC-shRNA-

IL-6 and HDMEC-shRNA-C data indicate that the proposed model is capable of making reliable

predictions of tumor growth.
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Figure S1. Effects of TCZ and/or cisplatin on tumor growth in the pre-clinical experimental setup
of UM-SCC-1 and UM-SCC-22B cohort.
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Figure S2. The best-fit of the pre-treatment EC-TC model to EC-IL-6-silent and EC-IL-6-control
data: (A) 1’000 primary human ALDHHIGHCD44HIGH cells along with HDMEC-shRNA-C cells
were seeded in 13 mice; blue circles represent the individual tumor volumes over time, blue dots
represent the average tumor volume at each time point and the black solid line shows the tu-
mor volumes predicted by the pre-treatment EC-TC model. Right panel shows the percentage
of (ALDHHIGHCD44HIGH) cells; the orange bar shows the CSC% in primary human HNSCC;
the blue bar shows the CSC% in xenograft tumor vascularized with HDMEC-shRNA-C; and the
red bar shows the CSC% predicted by the pre-treatment EC-TC model in the xenograft tumor
vascularized with HDMEC-shRNA-C at day 30 after implantation. (B) 1’000 primary human
ALDHHIGHCD44HIGH cells along with HDMEC-shRNA-IL-6 cells were seeded in 13 mice; red circles
represent the individual tumor volumes over time, red dots represent the average tumor volume at
each time point and the black solid line shows the tumor volumes predicted by the pre-treatment
EC-TC model. Right panel depicts the percentage of (ALDHHIGHCD44HIGH) cells; the orange bar,
the red and the black bars shows the CSC% in primary human HNSCC, the CSC% in xenograft
tumor vascularized with HDMEC-shRNA-C, and the CSC% predicted by the pre-treatment EC-TC
model in the xenograft tumor vascularized with HDMEC-shRNA-Il-6 at day 30 after implantation,
respectively.
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Figure S3. Time profiles of plasma cisplatin concentration given in [8]. The gray points depict
Pt concentration in the plasma versus time after a single intravenous injection of cisplatin in rats.
Data are presented as mean ± SD (n = 12) and the solid red line shows the model prediction of
cisplatin elimination from plasma.
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Figure S4. Simulation results for single therapy and combination therapy for longer times. (A)
The non-optimal combination therapy schedule given experimentally is initially more effective at
tumor reduction than either TCZ or cisplatin alone. However, over time TCZ alone leads to a better
result than non-optimal combination therapy. Simulating the optimal dosing schedule predicted by
the model and comparing it to the results obtained from the experiment shows that the predicted
optimal dosing schedule is better than either therapy alone and is also more effective than the co-
treatment strategy used experimentally. (B) Closer look at tumor growth shows that after day 67,
TCZ therapy leads to a better result than co-therapy strategy used experimentally.
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Table S1. Statistical Modeling of Tumor Size Change

UM-SCC-1 Coefficients: Value Std. Error p-value
Days 0.0417 0.0016 < 0.0001
Days × cisplatin -0.0064 0.0016 < 0.0001
Days × tocilizumab -0.0091 0.0017 < 0.0001
UM-SCC-22B Coefficients: Value Std. Error p-value
Days 0.0446 0.0019 < 0.0001
Days × cisplatin 0.0009 0.0021 0.6758
Days × tocilizumab -0.0062 0.0021 0.0033
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Table S2. Description of Variables of EC-TC Cross-Talk Model

Variables Description Units

H Endothelial cell number #
S Cancer stem cell number #
E Progenitor cell number #
D Differentiated cell number #
A Amount of free VEGF fmol
RHA1

Number of free VEGFR1 on endothelial cells fmol
RHA2

Number of free VEGFR2 on endothelial cells fmol
CHA1

VEGF-VEGFR1 complexes on endothelial cells fmol
CHA2

VEGF-VEGFR2 complexes on endothelial cells fmol
L IL-6 secreted by endothelial & tumor (stem/non-stem) cells fmol
RS IL-6R on tumor stem cells fmol
RE IL-6R on tumor progenitor cells fmol
RD IL-6R on tumor differentiated cells fmol
CS IL-6–IL-6R complex on tumor stem cell fmol
CE IL-6–IL-6R complex on tumor progenitor cell fmol
CD IL-6–IL-6R complex on tumor differentiated cell fmol
BH Bcl-2 mRNA expression level per endothelial cell dimensionless
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Table S3. Parameter values taken from the literature and their sources.
∗ VolT is the volume of the tumor in µl and is equal to (volume of 1 million ECs)× H+ (volume of
1 million TCs) × (S+E+D), where, the volume of 1 EC is 2.2× 10−6µl [10] and 1 TC is 1× 10−6µl
[11].

Parameter Value Units Source

αS 0.6 day−1 [12, 13]
αE

log(2)
1.04 day−1 [12, 13]

P ∗
Smin

0.014 dimensionless [14]
PSmax 0.90 dimensionless [14]
kf 2.35 fmol−1day−1 [15]
kr 2.24 day−1 [16, 15]
λL 0.4152 day−1 [17]
ρT 7× 10−7 fmol−1day−1per cell [18, 19, 20]
RTS 1.66× 10−6 fmol−1per cell [21, 22, 23, 24]
RTE

1
8RTS fmol−1per cell [9]

RTD
1
8RTS fmol−1per cell [9]

kfH1 11.4048/Vol∗T fmol−1 day−1 [25, 26]
krH1 86.4 day−1 [27]
kpH1 24.1920 day−1 [27]
kfH2 10.0757/Vol∗T fmol−1 day−1 [11, 25]
krH2 86.4 day−1 [27]
kpH2 24.1920 day−1 [27]
RtHA1

6.63e-5 fmol per cell [28]
RtHA2

1.92e-4 fmol per cell [28]
λA 16.6355 day−1 [29]
δB 6.6542 day−1 [30]
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Table S4. Continuation of Table S3: Parameter values taken from literature and their sources

Parameter Estimated Value Units Source

δH 0.09 per day [2]
Np 5.5 mmHg [2]
δS 0.0126 day−1 [1]
Nd 1 mmHg [2]
γS 2.38 dimensionless [1]
δE 0.0125 day−1 [1]
γE 2.38 dimensionless [1]
δD 0.5 day−1 [1]
µS 0.018 dimensionless [1]
γD 2.38 dimensionless [1]
kp 24.95 day−1 [1]
PNs 7.62e+05 dimensionless [1]
αA 6.25e-07 fmol cell−1 day−1 [2]
νA 5e-4 fmol cell−1 day−1 [2]
κA 2 dimensionless [2]
Nh 10 mmHg [2]
χH 6.6542 per day [2]
ηH 1063 per day [2]
ωH 0.3341 dimensionless [2]
nB 5 dimensionless [2]
σN 1.087 mmHg [2]

Table S5. Estimated parameter values for the pre-treatment EC-TC model using primary human
HNSCC data directly taken from [9] (Figure S2)

Parameter Estimated Value Units Source

αH 0.5 per day Estimated
βH 600 dimensionless Estimated
ρH 0.0052 fmol−1day−1cell−1 Estimated
βA 0.65 dimensionless Estimated
nL 3 dimensionless Assumed
Ain 4 dimensionless Assumed
n 9 dimensionless Assumed
nH 0.5 dimensionless Assumed
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Table S6. Estimated parameter values for the pre-treatment EC-TC model using control UM-
SCC-1 and UM-SCC-22B cohort data

Parameter Estimated Value Estimated Value Units
(UM-SCC-1) (UM-SCC-22B)

αE 0.016 0.016 dimensionless (Assumed)
n 7 10 dimensionless
µS 0.10 0.095 dimensionless
Ain 10 4 dimensionless
PNs 2.1+05 3.7e+05 dimensionless
nL 0.8 0.8 dimensionless (Assumed)

Table S7. Variables related to cisplatin-therapy model

Variable Description Units

X Free cisplatin in tumor fmol
Xs Free cisplatin in systemic circulation fmol
Xp Free cisplatin in peripheral compartment fmol

Table S8. Estimated pharmacokinetic parameters of cisplatin

Parameters Values Units Reference

kC12 84 day−1 Estimated
kC21 7 day−1 Estimated
kCel 20 day−1 Estimated
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Table S9. Baseline parameter values for the cisplatin-therapy model using data related to cisplatin
therapy for UM-SCC-1 and UM-SCC-22B cohorts.

Parameter UM-SCC-1 UM-SCC-22B Units Source

ΠS 0.59 0.081 dimensionless Estimated

ΠE 1.98 0.071 dimensionless Estimated

ΠD 3.5 0.023 dimensionless Estimated

KS 1e+32 1e+09 fmol Assumed

KS
M 8.3e+05 8.65e+05 fmol [7]

KE
M 8.3e+05 8.65e+05 fmol [7]

KD
M 8.3e+05 8.65e+05 fmol [7]
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